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to test the method of constructing production functions with variable coef-
ficients. A theorem on the testing of the method for constructing produc-
tion functions with variable coefficients (PFVCE) is formulated and
proved. The result of a computational experiment using a production func-
tion with variable coefficients for illustrating the proved theorem is given.
In the future, it is planned to continue research on the use of production
functions with variable coefficients in other economic systems.

Key words: production function with constant coefficients, production
function with variable coefficients, coefficient of elasticity, production
function of Cobb-Douglas, method of constracting production functions
with variable coefficients PFVCE.
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MATEMATWYHE MOAENIOBAHHA TA AHANI3
TEPMOMPY>XXHOI NOBEAIHKW ENEKTPONPOBIAHOIO

UMNIHAOPA 3 TOHKUM ENEKTPOMPOBIAHUM NOKPUTTAM

3A IMMYNIbCHOI ENEKTPOMATIHITHOI i

ITo6ynoBaHO MaTeMaTH4Hy MOJIENb BH3HAYCHHS TEPMOHAIIPY-
JKEHOTO CTaHy JIOBIOT0 CYLIIFHOTO €JEeKTPOIPOBIIHOTO IHITIHIpA
3 TOHKHM €JIEKTPONPOBIAHUM TOKPUTTSIM Ta 3alpOINIOHOBAHO KPH-
Tepil OLIHKM HOro poOOTO3JaTHOCTI i 30epeKeHHs BIIACTHBOCTEH
KOHTAaKTHOTO 3’€JJHAHHS 3aJIeXKHO BiJ MapaMeTpiB 30BHINIHBOI He-
CTalioOHapHOI eNeKTpoMarHiTHoi aii. BubpaHo po3paxyHKOBY Mo-
JleNb 3a7adi Ui PO3TIIAAYBAHOTO EJEKTPOIIPOBIIHOTO IIIIIHIpA,
III0 CKJIAJIAETHCS 3 TPHOX €TaIliB.

Ha mepriiomy erari 3i criBBiJHOIICHs MaKcBesIa BU3HAYAETHCS
BiZIMiHHA BiJl HyJISl OCbOBAa KOMIIOHEHTa BEKTOpa HAIPY>KEHOCTI Mar-
HITHOTO TOJIsI B LIUTIHAPI 1 MOKPHTTI Ta BIATIOBIAHI 1l MUTOMI IyCTH-
HM JDKOYJICBUX TEIUIOBUAUICHD 1 MOHAEPOMOTOpHUX cuil. Ha npyro-
My erari 3 piBHSHHS TEIUIONPOBIIHOCTI 32 BiIOMUMH DKOYJIEBUMHU
TCIUIOBU/IICHHSMHU 3HAXOJITh PO3MOALT TEMIEpaTypH B IIIHAPI 1
nokpuTTi. Ha TpeTtroMy etarti 3a BiTOMUME MOHAESPOMOTOPHIMH CH-
JIaMH 1 TEMIIepaTyporo 3i CIiBBiHOLICHD IJIOCKOI OCECHMETPHYIHOT
3a/1a4i TEPMOIPYKHOCTI B MEPEMILLIEHHSIX BH3HAYAIOTHCS pajlialibHa
KOMITOHEHTa BEKTOpa IIepeMillleHb Ta pajiaibHa, KOJIOBa i O0ChOBa
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MatematuyHe Ta KOMI'I,IOTepHe Mo entoBaHHA

KOMITOHCHTH TEH30pa JMHAMIYHHX HAaIpy>KEHb, & TaKOXK IHTCHCHB-
HOCTi CyMapHHX HaIpy>KeHb, 3yMOBJICHHUX SK /DKOYJEBHUM TEIUIOM,
TaK i MOHICPOMOTOPHHMHU CHJIAMH Y IMMIHAPI Ta mOKpurti. J{ms
po3B’si3yBaHHs c(HOPMYJILOBAaHUX ITOYaTKOBO-KPAHOBUX 3a/1ad Tep-
MOMEXaHIKH 3aIPOIIOHOBAHO METOJHKY, sIKa IPYHTYEThCS Ha alpoK-
CHUMAIlii pO3MOMLTIB BH3HAYANBHUX (PYHKIIH (0CHOBOI KOMIIOHCHTH
BEKTOpa HANpPY>KEHOCTI MarHiTHOTO HOJIS, TEMIEPATYPH 1 pamiaibHOT
KOMIIOHEHTH BEKTOpa MepeMillleHb) B LWIIHAPI 1 MOKPUTTI KBaapa-
TUYHUMH TTOJTIHOMaMH 32 paJialIbHOI0 3MiHHOI0. J[aHa MeToanKa 1a-
J1a 3MOT'Y 3BECTH BHXi/IHI II0YaTKOBO-KpaHOBi 3aa4i Ha BU3HAYaJIbHI
¢yHKLii 1o BiamoBigHMX 3a1a4 Komi 3a yacoM Ha iHTerpaibHi Xapa-
KTEpUCTHKU IMX (QyHKUIH. 3HaWAEHO pO3B’SI3KH PO3IJLITYBaHOI 3a-
Jiadi TePMOIPY>KHOCTI 3a [ii eIeKTPOMarHiTHOTrO iMITyJIbCY 1 IIpOBe-
JIEHO KOMIT TOTepHUH aHai3 IIOHASPOMOTOPHOI CHIIH, TEMITCPaTypH 1
pajiabHUX Ta KOJIOBHX HAINpYy)KeHb. Pe3ysIbTaTH aHawi3y MPOLITIOCT-
poBaHo rpadikamMu 3MiHM B Yaci BH3HAYaJbHUX (YHKLIN B PO3IIi-
JyBaHOMY IIWJTIHAPI 3 TOHKUM €JIEKTPOIIPOBITHUM MOKPHTTSIM.

KuouoBi cioBa: mamemamuuna modenb, mepMOMexaHixd,
0082ull CyYinbHUll eNeKmpPOnposiOHUll YUILIHOP, MOHKE eleKmpon-
POGIOHE NOKPUMMS, IMNYIbCHE eeKMPOMAZHImHe noje, pobomo3s-
O0amHicmb, 61ACMUEOCH] KOHMAKMHO20 3 €OHAHHA.

Beryn. EnekrponpoBifHi KOHCTPYKTHUBHI €JIEMEHTH CYyYacHHX TpH-
JajiB i MpUCTPOiB B Mporieci iX poOOTH Ta eKCIUTyaTallii 3a3Hal0Th BILIHBY
pi3HUX (Qi3WYHMX Ai — CHIOBUX, TEMIIEPATYPHUX Ta EJIEKTPOMAarHiTHUX
[1, c. 7-10]. Taki gii CTBOPIOIOTH B IIMX €NEMEHTAaX BiJMOBIAHUIA TEPMO-
HaTIpy>KEHUIA CTaH, aHaN3 SIKOTO HEOOXiTHWH Ui MPOTHO3YBAaHHS iX PO-
00TO31aTHOCTI SIK KOHCTPYKTUBHUX €IIEMEHTIB.

BaxxnuBe 3Ha4YeHHS MAalOTh €EKTPOIPOBIIHI KOHCTPYKTHBHI eJeMe-
HTHU 3 TOHKHAM EJIEKTPOTIPOBITHAM MOKPUTTsM [2, ¢. 77-83]. Take mokpwur-
TS MOJKE CTBOPIOBAaTH 3HAYHMH BIUIMB Ha XapakTep 3MiHH B 4aci i Mo Ko-
Op/iMHAaTaxX TEMIIePAaTypU 1 MEXaHIYHHX HAaNpy>KeHb B PO3IJISIyBaHHX
KOHCTPYKTUBHHX €JIEMEHTaX.

BrutiB crnoBux Ta TemrepaTypHux (akTopiB Ha KOHCTPYKTHBHI eJeMe-
HTH 3 TOHKAM HOKPHUTTSIM PO3IYISIHYTO, 30KpeMa, B poboTax [3, c. 221-232; 4,
c. 87-98]. Ilpore BIUIMB 30BHINIHIX HECTAI[IOHAPHUX EJIEKTPOMArHiTHUX MO-
niB (EMII) Ha TepMonpyHy MOBEIHKY €IEeKTPOIPOBITHUX KOHCTPYKTHBHHX
€JIEMEHTIB 3 TOHKUM EJIEKTPOIPOBITHUM MOKPHUTTSM, SKI BUKOPUCTOBYIOTHCS
B PI3HUX TPUCTPOsX [5, c. 123—147], 30kpemMa B XBIJIEBOJAX €JIEKTPOMATHIT-
HOTO BUIIPOMIHFOBAaHHS PaIi04acTOTHOTO Jiara30Hy, BUBUCHO HETOCTATHEO.

MeTo10 podoTH € MareMaTHYHE MOJEITIOBAHHS TEPMOIIPY)KHOI I10-
BEIIHKH €JIEKTPOIPOBITHOTO LWIIIHAPA 3 TOHKUM €JIEKTPOIIPOBITHIM HOK-
purtsim (ELITEIT) 3a HecTanioHapHOi elneKTpoMarHiTHOI Aii Ta i KoM fo-
TEpHHUH aHaTi3 3a [ii eneKkTpoMartiTHoro iMmyiscy (EMI).
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1. ®opmyoBanusi mpodyieMu. Po3risnaeTbcst eneKTponpoBiTHUNA
UIIHAP pafiyca R 3 TOHKUM eJIeKTPONPOBITHUM IMIIIHAPUIHUM IIOK-
putTaM ToBumHM h=R, —R, 1e R, — pagiyc Horo 30BHILIHBEOT MOBEPX-
Hi. uniHap BigHECEHUH 10 MWIIHAPHYHOI CUCTEMH KOOPIUHAT (I, ¢, Z ),
Bich 1leHTp Oz sKOI CcmiBmajae 3 HOro BiCCKO CUMETPIi.

HwumiHgp 3HaAXOOUTHCS 3a Iii ogHOpigHOTO Hectarionaproro (EMI),
3aJIaHOT0 3HAYEHHAMH OCbOBOi KOMIIOHEHTH H, BEKTOpa Hamlpy>KeHOCTi

marHiTHoro nons H ={0; 0; H,} Ha iforo noBepxHi r = R;, 1110 € Temoi-

30JIb0BAHOIO 1 BUTBHOIO BiJl 30BHINTHHOIO CHJIOBOTO HaBaHTaXKeHHS. Jlis
HecranionapHoro EMII cTBoproe B uiipi i TOHKOMY MOKPHTTI HecTarli-
OHapHI 00’€MHO PO3MOITIEHI JKepena JHKOYJIeBOoro Temia Q i moHaepo-

MotopHi cumi F ={F,;0;0} . Lli aBa (i3nuni YMHHUKK CTBOPIOIOTH B IH-

JHAPI Ta TOHKOMY MOKPUTTI HECTALlIOHAPHI IMOJIA TeMmreparypu T 1 Me-
XaHIYHUX HAaIpyKeHb, M0 ONHCYIOTHCS TEH30POM JAWHAMIYHUX HaIlpy-
JKeHb & . 3HAUEHHs TeMIeparypu T 1 HanmpyXXeHb & , 3a SIKHMH IPOBO-
muThes oriHka pobotozmataocti EL[TEIL, 3anexaTs SK Bix aMILTTyIHO-
yacToTHUX xapakrepuctuk EMIL, Tak i Bix (i3uko-MexaHIYHUX XapakTe-
PUCTHK HWTIHIPA 1 MOKPUTTS, a TAKOXK BiJ] €NEKTPOMATHITHUX, TEIUIOBHX i
MEXaHIYHUX YMOB Ha MOBEPXHI iX 3’ €JJHaHHS.

Jns Bm3HaueHHst TepMoHanpyxkeHoro crany EITEIT noOynoBano ma-
TEeMaTH4YHy MOJIENb, 5IKa BHUKOPHCTOBYE CIIiBBIJHOIICHHS TEPMOMEXaHIKA
JIBOIIAPOBOTO €JIEKTPONPOBiAHOTO IHuTiHApa [6, c. 109-120]. [puiimaeTses,
1o Ha noBepxHi 3 eauanHs 11 1 TIT 3a0e3neuyroThCsl yMOBH 1CATBHOTO SIICK-
TPOMArHITHOTO, TEIUIOBOTO 1 MEXaHIYHOTO KOHTAKTIB [7, ¢. 35-43]. 3a meBHMX

3Ha4eHb napamerpis EMII Temmeparypa T 1 KOMIIOHEHTH & j; (i=r.02)

TEH30pa G JIOCSTalOTh BEIUYMH, 3 SIKHX BIJMOBIHI IM iHTGHCUBHOCTI Ha-
. . i .
npyxens [8, ¢. 256-259] o' y uninapi Ta o y MOKpPUTTI MOXKYTh Tepe-

BUIIYBaTH MEXY IUIMHHOCTI MaTepiasliB HMIIiHAPa Jé” 9 OKPHTTS o)

BaxmmBum st ¢yskmionyBanHs EL[TEIl sk KOHCTpYKTHBHOTO
CJIEMCHTa € TaKOX 30CpEKEHHS BIACTUBOCTEH MOr0 KOHTAKTHOTO
3’eqnanns. EL{TEII BTpadae Taki BIIacCTHBOCTI 32 YMOBH, III0 MaKCHMAJbHI
3HAYCHHS IHTCHCUBHOCTCH HANpy>KCHb HA TOBEPXHI 3’€¢AHaHHI =R y

. . . 17 . .
MUIIIHAP1 O'ig YU y IOKPUTT! O+ HNEPEBUIIYIOTh MEXKY MILHOCTI O), KO-

HTAaKTHOTO 3’ €HAHHSI.

Jlnst BcTaHOBJICHHS TPaHUYHKX 3HadeHb nmapameTpiB EMII, nist sikoro
ctBoproe tepmoHanpyxeanit ctan ELITEIl motpi6HO, po3B’s3aBmm Ha
OCHOBI 3aITPONIOHOBAHOT MAaTEMAaTHYHOI MOJETI AHHAMIYHY 3a7ady TepMO-
Mmexanikn mus ELITEIL, oGuncnuTé BeTWYWHU IHTEHCHBHOCTEH HAampy-
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. i . - . .- .
JKCHb O'iH 1 0; , a TAKOXK (Tlil 1 Oj» 1IHOPIBHATH 1X 13 BIJOMHMHU 3 €KCIIC-

PUMEHTAIBHUX JTOCHTIKEHb 3HAYSHHSIMU o-él i af Ta O

2. MaTemaTn4Ha MojeJib. 32 TAKUX YMOB PO3paxyHKOBa MOJENb BHU-
3HAYEHHS TEPMOIIPYKHOI MOBEAIHKH PO3IIISYBAHOTO LIMTIHIPA CKIIaIa€ThCs
3 TpbOX eTariB [6, c. 109—111]: Ha nepiIoMy eTari 3 piBHSIHb eJIeKTPOAUHAMI-

KU BI3HAYAETHCS BEKTOpP HANPYKEHOCTI MArHITHOTO OIS HM g ITHAP1
(n=1) i mokpurti (N=2) Ta 3yMOBJEHI HUM JKOYJIEBI TEIIOBUIIJICHHS
Q(n) (n=1,2) i mOHAEPOMOTOPHI CHIN F( (n=1,2); Ha apyromy — 3
PIBHSHB TEIUTONPOBITHOCTI BH3HAYAETHCS PO3MOALT TEMIIEPATYPHOTO IO
T(M (n=1,2); Ha TpeTbOMY — 3 PIiBHSHB AHHAMIYHOI TEPMOIPYIKHOCTI 32
BIZIOMOIO TEMIIEPaTypoIO i 00'€MHUMHU CHJIAMH BHU3HAYAIOTHCS KOMITOHEHTH

BexTopa nepemimers U™ (n =1,2) Ta Tensopa Hanpyskens ") (n=1,2).

2.1. Buznauyenuss EMII. OcpoBa KOMIIOHEHTA Hgn) (r,t) BEKTOpa

H™ g mtiEApi (N =1) i moKpUTTi (N = 2) BU3HAYAETHCS 3 PIBHAHHA [9,
c. 250]

o?HM 16H " oH "
L - o, —=—=0 @
or: r or ot
3a rpaHUYHMX YMOB Ha 30BHIIIHIN MOBEpXHI I = R, muiIiHApa
2
HE (Rut) = H; (1) @

Ta YMOB 1/I€aJIbHOTO €JEKTPOMArHiTHOrO KOHTAKTy Ha MOBEpxHi r =R
3’€/IHAHHS LWIIHAPA 1 TOKPUTTS
HP(RY)  aHP (RY)

HY (RO =HP (R, — ===k, —— ==, (@)
r r

a TaKOX IMOYAaTKOBHX YMOB Hgn) (r,0)=0. Tyt o,, p, — KoediuienT
€JIEKTPOIPOBIIHOCTI Ta MarHiTHa MPOHMKJIMBICTh MaTepialliB h -ro Tijia,
k, =0,/0, .

3a 3Haiinenoro gpyHkuieo H §”) (r,t) mETOMI I'yCTHHH JUKOYJICBHX TeIl-
JNIOBUALICHD Q(n)(r,t) Ta nonepomoroproi cum F ") = {Fr(")(r,t);o; 0}

B N-My TiJTi BU3HAYAIOTHCA 32 (hopMymaMu

2
(n) 1 5HZ( ) (n) oH, (n)
Q e s R =, H, .
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2.2. BuzHaueHHs1 TeMiepaTtypHoro noJsi. Ha npyromy erami 3a 3Haii-

JCHUMH TIMTOMHMH T'yCTUHAMH JDKOYJIEBUX TEIIOBHUIIJICHD Q(n) (r.t) Bu-
3HAYAEMO PO3MOJILT TEMITepaTypu T (") (r,t) B xoxHOMY N-My (N =1,2) Tini
3 PIBHSIHHSI TEIUIONpOBinHOCTI [9, ¢. 251]

21 (n) (n) M oM
ot 1ot 1ot Q" @

or> r or x, ot A
3a KpaioBoi yMOBH TEILIOI30JIAL11 30BHIIIHBOI MOBEPXHI I' = R, numinapa
oT® (Rt
( 1 ): 0 (5)
or

Ta YMOB iI€JIbHOTO TEIUIOBOTO KOHTaKTy Ha MOBEpXHi I = R 3’eaHaHHA
IUTIHAPA 1 TOKPUTTSL.
aTW(RY) o TP (R)

TOR)=TO(R1), ek (6)

a TaKOK 3@ MMOYATKOBHX YMOB T (r,0)=0.Tyr x,, 4,

— KoeQiIieaTn
TEMIIEpPATypo- i TEIUIONPOBIHOCTI MaTepianiB n -ro tina, k, = 1,/4, .
2.3. Bu3HaueHHs] TePMOHANPY:KeHOro craHy. /lnsi BU3HAYCHHS Bif-

. . . .. n . n .. n
MIHHHUX BIX HYJISA paglaibHOL O'Sr) , a3UMYTaJIbHO1 0(57!/7) Ta OCBOBO1 O'§Z)

KOMITOHEHT TEH30pa JTMHAMIYHUX HAINpY)KCHb ¢ (r,t) B KOXHOMY N -My
T (N =1, 2 ) 32 BUXiTHy BHOMPAEMO CHCTEMY PiBHSHB TUIOCKOI OCECHUMETPH-
YHOI 3a/1a4i TEPMOMPYKHOCTI B NepeMilieHHsX. To/i pafiaabHa KOMIIOHEHTa
usn) (r,t) BekTopa mepemiuieHb B N -My Timi (N =1,2 ) BU3HAYa€eThCA 3 PiB-
HsHHA [9, ¢. 252]

o2 ! oul™ 1 S 0%

r
or? r or r? cﬁ ot?

()
1+v, oT™  (1+v,)(1-2v,) £
= —
"1-v, or E,(1-v,)

3a KpaifoBoi yMOBHU Ha 30BHIIIHIN MOBEpXHi I = R, numinapa

aul® (R 't 1 1+

i (R )+ 123 —usz)(Rl,t)=aziT(z)(Rlvt) (8)
or 1-v, R 1-v,

Ta YMOB iJI€aJIbHOTO MEXaHIYHOrO KOHTaKTy Ha MOBEpXHi I = R 3’eaHaH-
HS [IJTHIPA | TOKPATTS

0 (R=u® (R1), ©
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o uﬁ”(R,t)+ 1

(L-v)—"— Zu® (R,t) =y (14+v,) TY (R1) =
ouP(Rt) 1 2
—ke (1_v2)fa—+leu£ V(R —a, (1+v,) T® (R1) |,
r

au, " (r,0)

a TAaKoK 3a IMOYAaTKOBUX YMOB ur(n)(r,o):o, p
r

=0. Tyr

Cp = (En (1-7, )/(pn (1+7,)(1-27, )))_1/2 — IIBHAKICTE  IPYKHHUX
XBUIb PO3MMpeHHs y mmiiHapi (n=1) ta mokpurti (n=2), «,, v,,
E
nmyns FOHra MatepianiB DWTiHIpA 1 TOKPUTTSL.

, — KoedilienTn niHiiHOrO Temmosoro posmupeHHs, Ilyaccona i mo-

(n)

3a 3HAIEHOI0 KOMIIOHEHTOO u(n) (r,t) BexTopa mepemimens U

BH3HAYA€EMO KOMIIOHCHTH o- ( j=r.p,z) TeHsopa HaIpyXeHb " B

n -My TiTi 3a (1)OpMYJ'IaMI/I

|— a (n) (”) —|

(n _ Ur Ur 1 T (n)

e (1+vn)(1 2v )L( L o (1+vn) J

[ (n) 6 (n) )

(n _ 1— ur ur 1 T (n)

Too = (1+vn)(1 2 )L( Vo) v o (L) J
(n =v, ( Sr)—i—ag;)—anEnT(n). (10)

. n .
3a BIIOMHUMHU CyMapHUMHU HANIPYKCHHAMU O'( ) 3HaXO0JHUMO 1HTCHCH-

i
("

BHOCTI HalPY>XeHb O

T I R ECE BRIl e

n . n .
a 00YHMCIIEHUMH IHTEHCUBHOCTSIMU O; 1 O% ~ Ha OCHOBI 3aIIpoIlo-
32 06 ™) § ol

B N -MY TiJi, siKi Oy 1yTh

HOBaHMX BHIIIE KPUTEPiiB MpoBoauMO o1iHKY poboro3natHocti ELITEII i
BJIACTHBOCTEN Or0 KOHTAKTHOTO 3’ €THAHHS.

3. MeToauka po3B'si3yBanHsi cpopmysiboBanux 3aaa4. /s nooy-
JIOBH PO3B’SI3KIB C(OPMYJIBOBAHUX MOYATKOBO-KpaioBux 3amad (1)—(3),

(4)—(6) i (7)~(9) anpokcumMyeMO KIrOUOBi (QyHKIIT Hgn) (r.t), T(M (r.t),
ur(n) (r,t) 3a pamiagbHOIO 3MIHHOIO B N -My Tijli KBaAPATHYHUMHI MHOTO-
yinenamu [9, ¢. 253; 10, c. 61]:
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®(”)(r,t)=22:ai(n)(t)ri : (12)
i=0
(")

Koeodiuientu a; ' anpoxcumaniiiHux noninomis (12) monaemo y Bu-
il JIHIAHOT KoMOIHAaiT
n n n n (n
" (1) =alf @, (1) 2 @, (1) + aig @ (1) + 2 @ (1)
rpaHNYHUX 3HAa4eHp @ (t) mykannx ¢yHKIi# Ha mosepxHi r=R, Ta

CYMapHHX I10 OCHOBI 1 HOKmei LWITHIpa IHTErpaIbHUX XapaKTEPUCTHK

Z.[d) (r,t)r*'dr, s=1,2 (13)

n=1 r.,
KITFOYOBUX (DYHKITIH oM (r.t). PiBHsHHS Ha iHTerpaNbHi XapakTepuCTH-
kn @ (t) orpumyemo, interpyroun pisusuus (1), (4), (7) srigHo popmy-

mu (13). Toxi modaTKkOBO-KpaloBi 3aadi CTOCOBHO KJIFOUOBHX (DYHKIIIN
3BOAATHCS 10 3amad Komri Ha iHTerpajbHI XapakTepHCTHKU. Po3B’s3kn
3agad Komr oTpHMaHO 3 BUKOPHCTAHHAM iHTEralbHOIO IEPETBOPEHHS
Jlarutaca Ha BCbOMY YHCIIOBOMY IHTEPBaJIl €IEKTPOMArHiTHOI Aii 1 mpuBe-
JeHo B poborax [9, c. 253; 10, c. 62].

4. Yncaosmii aHami3 3agayi 3a il e1eKTPOMArHiTHOro imMmyJbca.
YncenbHO MPOaHaNIi30BaHO TEPMOHAMNPYKEHUH CTaH €JIEeKTPOIPOBIIHOTO
IUITIHAPA 3 TOHKAM TOKPHUTTSM 32 Jil eeKTPOMATHITHOTO IMITyITBCY, SIKUH
MaTeMaTU4HO onucyeMo ¢yHkiiero [11, c. 186—189]

H7 (1) =kHo (67 —e ), (14)
Tyr k — HopmyBanpHuil koedilieHT, H, — MakchUManbHE 3Ha4YeHHs Ha-
HpYKEHOCTI MAarHiTHOIo IMoJisl Ha HOBepxHi I =R, mwmminapa, B 1 S, —
NapamMeTpH, 1O BiANOBIIAKOTE YacaM (POHTIB HAPOCTAHHS 7, 1 CHAJaHHs
Ty, iMiyisCy. Ilincraensroqu Bupas (14) B 3arainbHi pO3B 3K 3a/1ad4i, TpH-

BeJIeHi B poOoTi [6, ¢. 115—119], oTprMaHO po3B’SI30K 33/1a4i TEPMOIIPYKHOCTI
JUTsl po3rJisiayBaHoro mumiaapa 3a aii EMI. Komn’rotepHuii aHai3 oTpuMaHo-
TO PO3B’A3KY BUKOHAHO JUTS IJTiH/Ipa, BUroToBieHoro 3i cram X18HIT, foro

MOKPUTTA — 3 Mimi. Pagiycn moepxoms R =1.10°m, R, =1.1-10 Su.
TpuBaricTs iMmysey 7; =10~ ¢ , criiBBinHOmIeH s Typu ! Tpe = 0.1,
Ha puc.1-6 mokazaHo 3MiHy B daci pamiaJbHOI KOMITOHCHTH

Fr(")(r,t) BEKTOpa TOHIEPOMOTOPHOI CHIIM i TeMIepaTypu T(n)(r,t),

. . n .
pamiaibHO1 O—gr) 1 KOJIOBOL 0‘57(0) KOMITIOHEHT TE€H30pa JUHAMIYHUX HaIIpy-

JKCHb, 3yMOBJICHUX Z[iGIO HOHI[GpOMOTOpHO.l. CHJIH 1 JPKOYJICBUM TCIUIOM I10-
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cepenuHi mapiB ocHOBH 1 mokputTs. JliHiil 1, 2 Ha pECYHKaX BiAMOBITAIOTH
3HAYEHHSAM BEIMYMH B OCHOBi npu r=5.10"M Ta NOKpUTTI TpH

— . . F(n .
r=105-10 3 M. Konupmi ocHWIALIl CKIAJHUKIB HaIpy>KEHb O-W/E ) 1
n . .. .
o-(% ), 300paxkeHi Ha puc. 4, 6, B OCHOBI 1 TOKPHUTTI B3aEMHO HAKJIATal0Th-
cs. BINMOBIAHO aMIDTITYqM OCIWJIALIN IMX CKJIAJHUKIB KOJIOBUX HAIpy-
JKeHb B OCHOBI IIEPEBUIIYIOTH TaKi kK aMIUTITYAN B MOKPUTTi. MakCUMabHi

F(n); ;Q(n)
3HAYEHHs CTHCKAIBHUX HANPYXkeHb 0, 1 0,,

OCHOBI 1 TOKPHUTTI. TakuM YHUHOM, TepMOHaHp}I)KeHI/II/I CTaH JaHOTO IWJIIHI-
pa 3a BUOpaHHX T€OMETPUYHHX [TAPaMETPIB 1 MapaMeTpiB eIeKTPOMarHiTHO-
TO IMITYJIbCY BU3HAYAETHCS SIK HANPYKEHHAMH, 3yMOBIICHUMH KOYJIEBIM
TEIIOM, TaK i HalpY>KeHHSIMH, 3yMOBJICHIMH TIOHAEPOMOTOPHOIO CHJIOKO.

OITHAKOBOTO TIOPSIKY B

‘g og M Wit g
F,-10 IH..HF 72.10 /H,,xF
4
3
2
1
0
Puc. 1. 3mina 6 waci nonoepomomophoi Puc. 2. 3mina 6 uaci
cunu Fr(n) memnepamypu 7"
o‘,’,'-IO'/H.’,Ha:—: o, 10° [H}
5
4
3
2
1
0
-1
-2
3
-4
-5
20 40 60 80 100
1, MKC
Puc. 3. 3mina 6 uaci cknaonuxie Puc. 4. 3mina 6 yaci cknaoHuxie
PAOiaNbHUX HANPYIHCEHb, 3YMOGILEHUX KONIOBUX HANPYIHCEHD, 3YMOGICHUX OIEI0

F(n)

NOHOEPOMOMOPHOL CUNU T oo

F(n)

0I€10 NOHOEPOMOMOPHOTL CUIU O,
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3 a S fepd a°
aﬁ-lO'/H;.ﬂaA= c? 10 [H,‘.HaT
12 : 2 -
oli 1.5
1
alg-- I S P S 3
: : : : : 0
-2 .5
| 1
3 15
H : H H : -2
20 40 60 80 100 20 40 60 80 100
1, uxe t, AKC
Puc. 5. 3mina 6 uaci cknaonuxis Puc. 6. 3uina 6 uaci cknaonuxie
PAadianbHUX HANPYAHCEHb, 3YMOBGILEHUX KONOBUX HANPYIICEHb, 3YMOBNIEHUX
0I€r0 02HCOYNe8020 Menia cer,(“) 0I€r0 0HCOYNe6020 mena O'(S(f,n)

BucHoBKkHM. BmiuB MiTHOTO MOKPHUTTSI HPOSBIAETHCS B 3POCTaHHI

MaKCUMAaJBHHX 3HaYCeHb BCiX BEJMYHMH MOPIBHSIHO 3 TAKMMH X 3HAYCHHS-
MH ISl aHAJIOTIYHOTO CTAJICBOTO HWIIIH/APA 0€3 MOKPHUTTS, a TAKOX y TOMY,
10 paJiabHi HAPYXEHHS, 3yMOBJICHI K TIOHASPOMOTOPHOIO CHIIOIO, TaK
1 JDKOYJICBHM TEIUIOM, Y IIMIIIHAPI 3 MOKPUTTAM CTAIOTh MPUOIU3HO BIBiUi
OUTBIIIMMU 32 KOJIOBI 1 OCHOBI HATIPY>KEHHSL.
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THE MATHEMATICAL MODELING AND ANALYSIS OF THE
THERMOELASTIC BEHAVIOR OF THE ELECTROCONDUCTIVE
CYLINDER WITH A THIN ELECTROCONDUCTIVE COATING
UNDER THE NON-STATIONARY ELECTROMAGNETIC ACTION

132

A mathematical model for determination of the thermostressed state of a
long integrate elecrtroconductive cylinder with a thin conductive coating is
constructed and the evaluation criterion for its operability and properties
preservation of contact connection depending on the parameters of the external
electromagnetic action is proposed. A calculation model of the problem for the
considered electroconductive cylinder consisting of three stages is selected. In
the first stage, from the Maxwell relations the nonzero axial component of the
magnetic field stress vector in the cylinder and in the coating and the corre-
sponding to it specific densities of the Joule heat ejections and ponderomotive
forces are determined. It the second stage, from the equation of the heat con-
ductivity taking into account the known Joule heat ejections, the temperature
distribution in the cylinder and in the coating are obtained. In the third stage,
according to the known ponderomotive forces and temperature , from the rela-
tions of the plane axisymmetric problem of thermoelasticity in displacements,
the radial component of the displacement vector and the radial, circle and axial
components of the dynamic stresses tensor, as well as the intensity of the total
stresses caused both by Joule heat and ponderomotor forces in the cylinder and
coverings are determined. For solving the formulated initial-boundary value
problems of thermomechanics, the method which is based on approximation of
distributions of the determining functions (axial components of the magnetic
field stress vector, temperature and radial component of the displacement vec-
tor) in the cylinder and in the cover by the quadratic polynomials in radial vari-
able was propozed. This method has made it possible to reduce the initial-
boundary value problems for the determining functions to the corresponding
time Cauchy problems on the integral characteristics of these functions. The so-
lutions of the considered thermoelasticity problem under the action of electro-
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magnetic impulse were obtained and the computer analysis of the ponderomo-
tive force, the temperature and the radial and circular stresses was done. The re-
sults of the analysis are illustrated by the graphs of time dependence of deter-
mining functions in the considered cylinder with a thin conductive coating.

Key words: mathematical model, thermomechanics, long integrate
electroconductive cylinder, pulsed electromagnetic field, bearing capacity,
properties of the contact connection.
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REGULARIZATION METHOD OF RESTORATION OF INPUT

SIGNALS OF NONLINEAR DYNAMIC OBJECTS THAT
DETERMINED BY INTEGRO-POWER VOLTERRA SERIES

The article offers a regularization method for solving the poly-
nomial integral Volterra equations of the first kind while solving the
problem of restoration of the input signal of a nonlinear dynamic ob-
ject determined by the integro-power Volterra series. The use of in-
tegro-power Volterra series makes it possible to simplify the primary
nonlinear mathematical models of nonlinear dynamic objects turning
them into quasi-linear ones. Polynomial Volterra equations of the
first kind are solved by introducing the additional differential regu-
larization operator. It is offered to solve the obtained integro-
differential equations using quadrature algorithms by iterative meth-
ods. This approach allows makes it possible to increase the efficiency
of the process of signals restoration on the input of nonlinear dynam-
ic objects if there is noise. The efficiency of the offered algorithm is
verified for the restoration of input signal of a nonlinear dynamic ob-
ject given in the form of a sequential connection of linear and non-
linear parts. At the same time, the linear part is represented by an in-
ertial joint, while the nonlinear is represented by polynomial depend-
ence of the second kind. There are presented the results of solving of
polynomial Volterra integral equations of the first kind in the pres-
ence of different noises on the input dependencies. Based on the de-
scribed method, in Matlab / Simulink, there are created simulation
models and software-based methods for solving inverse problems of
signal restoration on the input of nonlinear dynamic objects. The re-
sults of computational experiments demonstrated that the offered
regularization method for solving the polynomial Volterra integral
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